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1.0 TBPPRODUC'PTON
A review of the performance and postflight condition of the STS-28
Redesigned Solid Rocket_M0tor (RSRR) nozzles is presented in this document.
Applicable Discrepancy Reports (DRs) and Process Departures (PDs) are
presented in Section 5.0. The Nozzle Component Program Team (NCPT)
performance evaluation and the Redesign Program Review Board (RPRB)
assessment is included in Section 6.0.
The STS-28 nozzle assemblies were flown on the RSRM Fifth Flight (Space
Shuttle Columbia) on 08 August 1989. The nozzles were a partially
submerged convergent/divergent movable design with an aft pivot point
flexible bearing. The nozzle assemblies (see Figure I) incorporated the
following features:
a. RSRM forward exit cone with snubber assembly
b. RSRM fixed housing
c. Structural backup Outer Boot Ring (OBR)
d. RSRM cowl ring
e. RSRM nose inlet assembly
f. RSRM throat assembly
g. RSRM forward nose and aft inlet ring
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h. R,_RM aft exit cone m,_,_emh]y vith I,inear-Shmped Charge (T,,_)
i. RTV backfill in Joints 1, 3, and 4
J. Use of EAgI3 NA adhesive in place of EA913 adhesive
k. Redesigned nozzle plug
U
I. Carbon Cloth Phenolic (CCP) with 750 ppm sodium content
Figures 2 and 3 show the CCP material usage for the STS-28 forward nozzle
and aft exit cone assemblies.
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The RSRM Fifth Flight test objectives, as outlined in TUR-17544,
Flight Motor Set 360H005 Final Report/System Overview, are as
(CPWI-3600 paragraph numbers are in parentheses):
Vol. I
follows
Objectives by Inspection:
G. Verify that flexible bearing seals operate within the specified
temperature range (3.2.1.2.3.b).
H. Verify that flexible bearing maintained a positive gas seal between
its internal components (3.2.1.2.3d).
L. Inspect flexible bearing for damage due to water impact
(3.2.1.4.6).
N. Verify performance of the nozzle liner (3.2.1.4.13).
X. Verify that nozzle metal parts are reusable (3.2.1.9.b).
Y. Verify through flight demonstration and a postflight inspection
that the flexible bearing is reusable (3.2.1.9.c).
AJ. Verify by inspection the remaining nozzle ablative thicknesses
(3.3.6.1.2.7).
AK. Verify the nozzle performance margins of safety (3.3.6.1.2.8).
.--i
=--
w
z
i
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3,0 ,_T.THMARY/COTqO.TTT_ION._
Compliance to the flight test objectives is discussed below.
G. Both flex bearing seals operated as expected within the
specified temperature range.
H. Inspection of the flex bearings showed a positive gas seal was
maintained between the internal components.
go There were no indications of damage to the flex bearings due to
water impact.
N. No nozzle flame front liner erosion pockets were noted. All
wedgeouts observed occurred postburn and do not affect liner
performance. No prefire anomalies were found.
X. All metal parts which have gone through refurbishment are
acceptable for reuse. All other metal parts are in the
refurbishment cycle. None have been rejected to date.
Y.
AJ.
Both flex bearings performed satisfactorily during flight. A
visual postflight inspection showed no evidence of anomalies.
The STS-28A (LH) flex bearing passed acceptance tests
(TVR-60080) and can be reused. The STS-28B (RH) flex bearing
was written up on DR 165119 for unacceptable unbond area. This
flex bearing has not undergone acceptance tests as yet.
All nozzle liner remaining ablative thicknesses have met the
design safety factors.
AK. All nozzle liner performance margins of safety were zero or
greater.
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All
CCP
erosion, and corresponding measured
action time.
STS-28 postflight nozzle observations are discussed in detail below.
liner Performance Margins of Safety (PMS) are presented using measured
char values adjusted to the end of
4.1 STS-28A (LH) Nozzle/Flex Bearing
Overall erosion of the STS-28A forward nozzle assembly CCP ablative liner
was smooth and uniform. All CCP delamlnatlons, wedgeouts, and pop-ups were
determined to be postburn occurrences. Soot was observed Jn joint 2 up to
the primary O-ring, but there was no blowby, erosion, or heat effect to the
primary O-rings.
= .
Postflight subassembly flow surface gaps are shown in Figure
views of the nozzle are shown in Figures 5 through 7.
4. Overall
4.1.1STS-28A Nozzle Components
STS-28A Aft Exit Cone Assembly
Overall views of the STS-28A aft exit cone fragment are shown in Figure 7.
w
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The aft exit cone w_s severed aft nf the compliance r_ng by the I,_C. The
nozzle severance system performance was nominal. The exit cone cut was
clean, with no unusual tearing or breaking. The remaining aft exit cone
fragment showed missing CCP liner 360 degrees circumferentially. This is a
typical postflight observation and occurs at LSC firing and at splashdown.
Glass Cloth Phenolic (GCP) plies exposed by the missing liner showed no
signs of heat effect. A void in exposed EA946 adhesive was found at
approximately 80 degrees and measured 3 inches axially by 1 inch
clrcumferentially. There was no metal exposed at this location.
i
m
d
U
U
m
u
i
A small pin-hole, approximately 0.010 inch in diameter, was found in the
polysulfide at 268 degrees. This was 0.I0 inch inboard of the aft exit
cone shell. A small fiber, believed to be GCP, was embedded in the
pin-hole. A foreign residue was also found on the surface of the
polysulfide from 265 to 271 degrees. The residue was determined to be
silica and silicon with small traces of salt.
z
L,.
The polysulfide groove fill on the forward end of the aft exit cone showed
no separations. Postflight measurements of the polysulfide groove radial
width (Table I) show that the GCP insulator did not pull away from the
aluminum shell during cooldown. The polysulfide shrank axially aft up to
0.08 inch.
m
i
m
w
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There were po_rh,lrn _ep_r_tion._
inch radially and were noted on the
O-rlng groove from 135 to 150 degrees.
STS-28A Forward Exit Cone Assembly
observed w_thin the GCP mea_,rin_ 0.O20
Outer Diameter (OD) of the primary
i
The
portion of
postflight
Plug (DOP)
forward exit cone showed missing CCP liner over the center-to-aft
the cone 360 degrees circumferentially. This is a typical
observation and occurs at splashdown and during Diver Operated
insertion. The GCP insulator exposed by the missing liner
showed no signs of heat effect. The CCP liner remained bonded on the
forward 12 inches, 360 degrees circumferentially, and on the aft 3-to-7
inches of the cone from 180 to 210 degrees. These portions showed nominal
erosion with no major washing or pocketing. The aft 3-to-7 inches of
intact liner at 180-to-210 degrees showed the typical dimpled erosion
pattern that has occurred on all flight and static test forward exit cones.
The maximum radial depth of the dimpled erosion was 0.I0 inch.
w
The aft end of the forward exit cone showed no bondline separations. The
forward end of the forward exit cone showed bondline separations between
the EA946 adhesive and the metal housing 360 degrees (with a maximum radial
width of the separation 0.040 inch), cohesive separations within the
adhesive (0.020 inch maximum radial width) from 135-to-150 degrees, and
glass-to-glass separations from 0-to-5 degrees (0.015 inch maximum radial
m
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width), and 340-to-345 degrees (0.010 inch maximum radial width).
Figure 8 lists the location and radial width measurements of all
separations on the forward exit cone. These separations are typical
observations which have been seen on previous static test and flight
nozzles, and have been shown to occur postburn.
Photographs of the sectioned forward exit cone liner are presented in
Figures 9 through 12. Char and erosion analysis of the sections is
presented in Table 2. Figure 13 shows the location of the measurement
stations. All margins of safety were positive, with a minimum of 0.21
occurring at station 8 (180 degrees).
L__
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STS'28 Throat Assembly
The post-fired mean diameter of the throat was 55.975 inches (erosion rate
of 8.78 mils/second based on an action time of 120.5 seconds). RSRM Nozzle
postburn throat diameters have ranged from 55.787 to 56.048 inches. The
flow surface bondline gap between the throat and throat inlet rings was
0.15 inch and is typical of past static test and flight nozzles.
Erosion of the throat and throat inlet rings was smooth and uniform with no
wedgeouts observed. Popped-up charred CCP material was observed on the
J
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forward 1.5 inches of the throat and throat inlet ring intermittently
around the circumference on the forward ends of both rings. Sharp edges
indicate the popped-up material occurred after motor operation.
Bondline separations between the EA913 NA adhesive and the steel throat
support housing were observed on the aft end 360 degrees circumferentially.
The maximum radial width of these separations was 0.040 inch.
Metal-to-adhesive bondline separations measuring O.Ol-to-O.03 inch wide
radially were observed on the forward end of the throat assembly
circumferentially except at 75-to-i05, 165-to-180, and 270-to-330 degrees.
Figure 14 lists the location and radial width measurements of all
separations on the throat assembly. These separations are typical
observations which have been seen on previous static test and flight
nozzles and have been shown to occur postburn.
Photographs of the sectioned throat assembly liner are presented in Figures
15 through 18. Char and erosion analysis of the sections is presented in
Table 3. Figure 19 shows the location of the measurement stations. All
margins of safety were positive, with a minimum of 0.03 occurring at
station 8 (90 degrees).
REVISION DOC NO. TWR-1754_ voL
SEC j PAGE
__ CORPORA T/ON
SPACE OPERATIONS
ST,_-2RA Hoqe Tnlet A._emhly
The ply angle of the forward nose (-503) ring was checked and found to be
of the RSRM design. The flow surface bondline gap between the -503 ring
and the aft inlet (-504) ring was 0.20 inch. The flow surface bondline gap
between the -503 ring and the nose cap was 0.05 inch. These post-fired
measurements are typical of past static test and flight nozzles.
I
w
w
The forward nose (-503) and aft inlet (-504) rings showed smooth erosion
with no pockets or wash areas observed. One postburn wedgeout was found on
the forward i.I inches of the -504 ring at 40 degrees and measured 13.5
inches circumferentially by 0.45 inch radially. Popped-up charred CCP was
also noted on the forward 1.2 inches at 15 degrees. Slag deposits were
noted on the -503 ring. Impact marks, possibly due to loose debris, were
located at O, 185, and 245 degrees. The mark at 245 degrees was covered
with slag.
The
(0.15 inch
intermittent
at 0-to-84,
nose cap exhibited typical minor wash areas on the forward 24 inches
maximum radial depth). The aft 2-to-3 inches showed
popped-up charred CCP material and typical postburn wedgeouts
ii0-to-248, 275-to-306, and 336-to-0 degrees from typical
postburn wedgeouts. The maximum radial depth was 0.65 inch at the cowl
interface. Sharp edges indicate the popped-up material and the wedgeouts
occurred after motor operation. No wedgeouts were observed on the forward
end of the nose cap.
u
u
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The _ft end nf the no_e inl.et _emhly (-504 ring _ft end) _howed me_l to
adhesive bondline separations (0.01 inch maximum radial width) occurring
intermittently around the circumference. Figure 20 lists
and radial width measurements of all separations on the
assembly. These separations are typical observations seen
static test and flight nozzles and have been shown to occur postburn.
separations occurred at the aft end of the nose cap.
the location
nose inlet
on previous
No
_m
m
Photographs
Figures 21
presented in Tables 4 and 5. All margins
minimum of 0.15 occurring at station 32
rings, and 0.03 occurring at station 24
of the sectioned nose inlet assembly rings are presented
through 28. Char and erosion
in
analysis of the sections is
of safety were positive, with a
(270 degrees) for the -503/-504
(90 degrees) for the nose cap.
Figure 29 shows the nose inlet assembly erosion measurement stations.
STS-28A Cowl Ring
Closeup views are shown in Figures 30 through 33. All cowl vent holes
appeared plugged with soot and slag on the OD o£ the ring except at 80, 90,
130, 180, 190, 200, 290, and 310 degrees.
Typical ridged erosion was observed
circumference. The forward portion of
These remained partially open.
intermittently around the cowl
the ring eroded a maximum of 0.15
E
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inch _r_ter than on the aft porttnn of the ring. Thi_ is a result nf th_
low ply angle of the cowl ring and has been observed on the majority of
flight and static test nozzles. Postburn wedgeouts and popped-up CCP were
observed on the aft 3-to-4 inches intermittently around the circumference.
w
mm
i
There were no bondline separations on the forward end of the cowl ring.
Photographs of the sectioned cowl ring are presented in Figures 34 through
37.
i
l
W
Char and erosion analysis of the sections is presented in Table 6 (Stations
0 through 7). Figure 38 shows the location of the measurement stations.
All margins of safety were positive, with a minimum of 0.25 occurring at
station 2 (0 degrees).
g
_m
STS-28A Outer Boot Ring/Flex Boot
Closeup views are shown in Figures 30 through 33.
mm
The bondline between the OBR and cowl ring remained intact with no
indications of flow. The flow surface bondline gap was 0.20 inch and is
typical of past static test and flight nozzles.
u
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The _truc. tur_] Backup OBR wa_ intnct. The flow surfaces _ho_ed .__mootb
erosion with no pockets or wedgeouts. Intermittently, minor wash areas
extended from the cowl to the forward 1 inch of the OBR. Postburn,
popped-up charred CCP was found on the forward 2 inches intermittently.
The OBR aft end showed typical delaminations along the charred CCP plies.
The aft tip adjacent to the flex boot was fractured and wedged out
intermittently around the clrcumference. Sharp edges on the surfaces
indicate this occurred after motor operation.
Photographs of the sectioned OBR are presented in Figures 39 through 42.
Char and erosion analysis of the sections is presented in Table 6 (Stations
8 through 12). All margins of safety were positive, with a minimum of 0.48
occurring at station 11.3 (45 degrees).
The flex boot remained attached to the outer boot ring 360 degrees
circumferentially. The Cavity side of the flex boot was evenly sooted and
showed no evidence of flow or erosion (Figures 43 through 45). It appeared
typical of previous flight and static test motor flex boots. A minimum of
3.25 NBR plies remained around the circumference after motor burn. Table 7
presents the flex boot material affected depths and Performance Margins of
Safety (PMS). The worst-case PMS was 0.26 at 270 and 315 degrees.
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STS-28A Fixed Housing
m
The
and 6).
forward
radial
the GCP.
fixed housing insulation erosion was smooth and uniform (see Figures 5
Postburn wedgeouts of charred CCP material were observed on the
2 inches intermittently around the circumference. The maximum
depth of these wedgeouts was 0.5 inch. There was no heat effect to
Separations were observed on the aft end of the fixed housing between the
metal and EA913 NA adhesive at 227 degrees, between the adhesive and GCP at
235 deg[ees, and within the adhesive at i!0 and 230 degrees. All
separations measured 0.005 inch radially.
The fixed housing aft flange showed no damage to the metal surfaces, bolt
holes, or O-ring grooves. No corrosion of the flange surface was observed,
except for minor surface rust
Teflon tape adhesive was found
bondline.
on the alignment pin. A residue of white
on the steel flange next to the EA913 NA
z
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PhotogrRphs of the sectioned fixed hou._inE ms,<emhly liner are prm,_ented in
Figures 46 through 49.
presented in Table 8.
stations. All margins
Char and erosion analyses of the sections are
Figure 50 shows the location of the measurement
of safety were positive, with a minimum of 0.52
occurring at station 3 (90 degrees).
STS-28A Bearing Protector
i=--
=_
The bearing protector was sooted along the entire length and circumference
(Figures 51 through 53). Slightly heavier soot and erosion were observed
in line with the cowl ring vent holes at the thickened portion, but there
was no bearing protector burn-through. The largest erosion was 0.162 inch
at 90 degrees. There was no evidence of heat effect on the Inside Diameter
(ID) surface of the bearing protector.
STS-28A Flex Bearing
Examination of the flex bearing revealed no damage, soot, heat effect, or
flow indications (see Figures 54 and 55). All rubber pads, metal shims,
and end rings appeared to be in nominal condition. Subsequent
refurbishment and testing has verified that the flex bearing is acceptable
for reuse.
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4.1.2 STS ?£A Noz_l£ Internal joints
Descriptions of the STS-28A nozzle internal joints follows.
STS-28A Aft Exit Cone-to-Forward Exit Cone (Joint No. I)
w
m
m
A cross-sectioned view of the STS-28A aft exit cone-to-forward exit cone
field joint is presented in Figure 56. Photographs of the postflight joint
are shown in Figures 57 through 62.
The backfilled RTV extended below the joint
360 degrees. The backfill also reached the
primary O-ring from 140-to-150, 180-to-190,
primary O-ring did not see pressure.
char line circumferentially
high pressure side of the
and 220-to-0 degrees. The
W
Examination of the joint showed a foreign powdery residue (see Figure 63)
appearing between 265 and 271 degrees, and a small pin-hole (0.I0 inch
inboard of housing) at 268 degrees was found on the surface of the aft exit
cone polysulfide filled groove between the primary and secondary O-ring
groove. This residue was determined to be silica and silicon with traces
of salt.
W
W
I
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The aft f]nn_e of the forward e×]t cone was scratched _t the 91.8-deKree
location by a guide pin during aft exit cone demate. The scratch was
approximately 0.002 inch deep axially, 0.25 inch long circumferentially and
0.02 inch wide radially.
STS-28A Throat-to-Forward Exit Cone (Joint No. 4)
A cross-sectioned view of the STS-28A throat-to-forward exit cone joint is
presented in Figure 64. Photographs of the postflight joint are shown in
Figures 65 through 70.
The RTV backfill extended below the joint char line and reached to the
chamfer 360 degrees circumferentially. RTV reached the high pressure side
of the primary O-ring from 287-to-318 degrees. There were no blowpaths in
the joint.
Minor corrosion and pitting were observed on the forward end of the forward
exit cone at the adhesive/metal interface intermittently around the
circumference. There was no metal damage observed.
Intermittent light surface rust was observed on the
support housing at the adhesive/metal interface.
found on the CCP and GCP from 30-to-43 degrees.
observed on the metal surfaces.
aft end of the throat
Rust stains were also
There was no pitting
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ST._ 28A No_e Tn]et-to-Thro_t (loint Nn. 3)
A cross-sectioned view of the STS-28A nose inlet/throat joint is presented
in Figure 71. Photographs of the postflight joint are shown in Figures 72
through 77.
J
i
I
The RTV backfill extended below the joint char line 360 degrees
circumferentially. RTV completely filled the radial ID portion of the
joint circumferentially except at 288 degrees. RTV did not reach the high
pressure side of the primary O-ring. The primary O-ring did not see
pressure.
Aluminum oxide corrosion was observed on the aft end of the aluminum nose
inlet housing inboard of the primary O-ring around 75 percent of the
circumference, but no pitting was observed. There was no corrosion on the
forward end of the steel throat support housing. No metal damage was
observed.
STS-28A Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)
g
mm
W
u
W
W
B
A cross-sectioned view of the STS-28A nose inlet/forward end ring/cowl
joint is presented in Figure 78. Photographs of the postflight joint are
shown in Figures 79 through 87.
l
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The RTV extended hPlnw the joint chnr line 360 degree_ clrcumferent_n]ly
and reached the axial portion of the joint approximately 80 percent
circumferentially. The radial bondline between the nose cap and cowl
showed RTV mixed with the EA913 NA adhesive 360 degrees circumferentially.
The adhesive was typically sandwiched between two layers of RTV. There was
no RTV extending to the primary O-ring. One blow path was observed at 318
degrees (see Figure 88), but termlnated_within the RTV. Soot was observed
between the adhesive and RTV 360 degrees circumferentially. Sooting also
extended onto the nose inlet housing aft end from 282-to-O-to-54 degrees
and reached the primary O-ring from 282-to-342 degrees. Sooting at
324-to-336 degrees was found on the OD of the O-ring groove. The primary
O-ring
effect.
flange
wet.
saw pressure, but there was no evidence of blowby, erosion, or heat
No soot was observed between the aft face of the forward end ring
and the forward face of the cowl housing, but these surfaces were
Minor corrosion was observed on the aluminum nose inlet housing surface,
but no rust was noted on the forward end ring flange. Minor corrosion was
also found on the aluminum cowl housing intermittently around the
circumference, but no pitting was observed. There was no damage found on
the metal surfaces.
m
z
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STS-28A Fi×eH Fin.Ring-to-Bearing. Aft _nd Ring (Joint No. 5)
A cross-sectioned view of the STS-28A aft end rlng/fixed housing joint is
presented in Figure 89. Photographs of the postflight joint are shown in
Figures 90 through 95.
w
J
L
m
RTV
ring
the
primary O-ring at 10-to-20 and 120-to-125 degrees.
observed in the joint.
filled the radial gap between the bearing protector and inner boot
360 degrees circumferentially and filled approximately 50 percent of
axial portion of the joint. RTV reached the high-pressure side of the
There were no blowpaths
w
Heavy
percent
observed
found.
rust was found on the aft end ring aft tip on approximately 50
of the surface. No pitting was observed. Rust stains were also
on the axial portion of the fixed housing. No metal damage was
4.2 STS-28A RH Nozzle/Flex Bearing
Overall erosion of the STS-28B forward nozzle assembly CCP ablative liners
was smooth and uniform. All CCP delaminations, wedgeouts, and pop-ups were
determined to be postburn occurrences. Soot was observed in Joint 2 up to
the primary O-ring, but there was no blowby, erosion, or heat effect to the
primary O-ring.
m
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postflight subassembly flow surface gaps are shown in Figure 96.
views of the nozzle are shown in Figures 97 through I00.
Overall
4.2.1STS-28B Nozzle Components
STS-28B Aft Exit Cone Assembly
An overall view of the STS-28B aft exit cone fragment is shown in Figure
i01.
The aft exit cone was severed aft of the compliance ring by the LSC. The
nozzle severance system performance was nominal. The exit cone cut was
clean, with no unusual tearing or breaking. The remaining aft exit cone
fragment showed missing CCP liner 360 degrees circumferentially. This is a
typical postflight observation and occurs at LSC firing and during
splashdown. GCP plies exposed by the missing liner showed no signs of heat
effect. Missing GCP plies on the aft 6 inches of the exit cone stub
exposed six small air voids in the EA946 bondline. The maximum size of the
voids was approximately 4 inches axially by 2 inches circumferentially.
These voids have been observed on previous postflight exit cones and are
inherent to the aft exit cone bonding process.
z
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There were no _ep_ratlons betveon the pnl.ysulfJde and the aft exit cone
shell observed, postflight measurements of the polysulfide groove radial
width (see Table 9) showed that the GCP insulator did not pull away from
the aluminum shell during cool-down. The average postflight radial width
of the polysulfide groove was 0.18 inch.
shrunk axially aft up to 0.08 inch.
polysulfide observed in the groove.
The polysulfide appeared to have
There were no loose layers of
w
z
u
m
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w
There
end.
were no separations observed within the GCP insulator on the forward l
STS-28B Forward Exit Cone Assembly
w
The forward exit cone showed missing CCP liner over the center 15 inches of
the cone 360 degrees circumferentially. This is a typical postflight
observation and occurs at splashdown and during Diver Operated Plug (DOP)
insertion. The GCP insulator exposed by the missing liner showed no signs
of heat effect. Postburn wedgeouts of charred CCP were observed on the
forward 0.8 inch of the intact CCP liner at 0 and 340 degrees. These
wedgeouts measured Ii and 12 inches long circumferentially, respectively,
w
mm
m
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and appro×imately 0.7
observed on the intact liner aft 10
inch deep radially.
inch deep radially. Typical. dimpled eromion wa_
inches and measured approximately 0.1
The aft end of the forward exit cone showed bondline separations between
the EA946 adhesive and steel housing intermittently around the
between the steel
circumferentially.
measurements of all
circumference. The maximum radial width of the separations was 0.02 inch.
Bondline separations on the forward end of the forward exit cone were noted
shell and the EA946 adhesive 360 degrees
Figure 102 lists the location and radial width
separations on the forward exit cone. These are
typical observations which occur postburn.
Photographs of the sectioned forward exit cone liner are presented in
Figures 103 through 105. Char and erosion analysis of the sections is
presented in Table I0. All margins of safety were positive, with a minimum
of 0.04 occurring at station 28 (90 degrees).
STS-28B Throat Assembly
The throat postflight mean diameter was 55.965 inches (erosion rate of 8.71
mils/second based on an action time of 120.8 seconds). RSRM nozzle
postburn throat diameters have ranged from 55.787 to 56.048 inches. The
,EV'S'ON OOCNO TUR-17544 j vot
5EC ] PAGE
23
_"_V-_(_.4_ CORPORA I/ON
SPACE OPERATIONS
f]ov surface hond]ine gap betveen the throat and throat inlet
0.18 inch and is typical of past static test and flight nozzles.
r{ngg Wag
U
The throat and throat inlet rings eroded smoothly with no pockets or major
washes observed. The forward 1.3 inches of the throat ring showed
popped-up charred CCP material intermittently around the circumference.
Sharp edges indicate the popped-up material occurred after motor operation.
Intermittent postburn impact marks were
resulting from DOP insertion were
intermittently around the circumference.
noted on the throat ring. Marks
observed on the throat ring
m
w
11111,
Bondline separations on the aft end of the throat ring between the EA913 NA
adhesive and the steel throat support housing were observed 360 degrees
circumferentially with a radial separation of 0.035 inch. The forward end
of the throat inlet ring showed metal-to-adhesive bondline separations
at 0-to-105, 120-to-210, and 225-to-345 degrees, with 0.02 inch maximum
radial separation. Figure 106 lists the location and radial width of the
measurements. These separations are typical observations seen on previous
test and flight nozzles and occur postburn.
Photographs of the sectioned throat assembly liner are presented in Figures
107 through II0. Char and erosion analysis of the sections is presented in
Table II. All margins of safety were positive, with a minimum of 0.05
occurring at station 8 (90 and 180 degrees).
U
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STS-2RB Nnse Tnlet Assembly
,mr
The ply angle of the forward nose ring was checked and found to be of the
RSRM design. The flow surface bondline gap between the forward nose (-503)
ring and the aft inlet (-504) ring was 0.18 inch. The flow surface bondline
gap between the -503 ring and nose cap was 0.05 inch. These postfired
measurements are typical of past static test and flight nozzles.
The -503 and -504 rings showed smooth erosion with no pockets or major
washes observed. Intermittent small wash areas (maximum radial depth of
0.I0 inch) were observed on the -503 forward nose ring.
i
w
m
The nose cap exhibited typical minor wash areas on the forward 24 inches
360 degrees circumferentially (0.15 maximum radial depth). The aft 2-to-3
inches of the nose cap showed typical popped-up, charred CCP liner and
postburn wedgeouts intermittently around the circumference. These measured
approximately 0.7 inch deep radially at the cowl interface.
= ,
The aft end of the nose inlet assembly (-504 ring aft end) showed
metal-to-adhesive bondline separations measuring 0.01 inch wide radially
from 45-to-270 degrees. There were no bondline separations observed on the
aft end of the nose cap. Figure IIi lists the location and radial width
L
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memsurement_ of
separations are
flight nozzles and occur postburn.
rill sep_r_tinn_ on the nnse inlet assemb]y. TheR=
typical observations seen on previous static test and
Photographs of the sectioned nose inlet assembly rings are presented in
Figures 112 through 119. Char and erosion analyses of the sections are
presented in Tables 12 and 13. All margins of safety were positive, with
a minimum of 0.19 occurring at station 39 (90 and 180 degrees) for the
-503/-504 rings, and 0.04 occurring at station 24 (270 degrees) for the
nose cap.
STS-28B Cowl Ring
All
ring
cowl vent holes appeared plugged with soot and slag on the OD of the
except at 50, 80, and II0 degrees. These unplugged cowl vent holes
were located at wedgeout locations.
i
i
mi
I
1row
w
The cowl ring showed typical ridged erosion intermittently around the part
circumference. The forward portion of the ring eroded a maximum of 0.15
inch greater than the aft portion. This is a result of the low ply angle
of the cowl ring and has been observed on the majority of flight and static
test nozzles. Vedgeouts and popped-up charred CCP liner were observed on
the aft 2 inches of the cowl ring intermittently around the circumference.
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The mm×im.m rmdial depth of
ring interface.
the wedgeout wns 0.7 inch at the outer boot
There were no bondline separations on the forward end of the cowl ring.
Photographs of the sectioned cowl ring are presented in Figures 120 through
123. Char and erosion analysis of the sections is presented in Table 14
(Stations 0 through 7). All margins of safety were positive, with a
minimum of 0.22 occurring at station 2 (270 degrees).
L--
STS-28B Outer Boot Ring/Flex Boot
The bondline between the outer boot ring and cowl ring remained intact with
no indications of flow. The flow surface bondline gap was 0.20 inch and is
typical of past static test and flight nozzles.
The structural backup outer boot ring was intact. The flow surfaces showed
smooth erosion with no pockets or major washes. One postburn wedgeout of
charred CCP material was observed on the OBR forward 1.5 inches at 172
degrees. 3.8 inches circumferentially, with a
maximum Delaminations of charred CCP along the
35-degree the flow surface. Typical wedgeouts or
charred CCP were also found on the aft tip adjacent to the flex boot.
The wedgeout measured
radial depth of 0.35 inch.
plies were observed on
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Photogr_ph_
through 127.
of the _eettoned outer bnnt rin E are presented in FJEurey 124
Char and erosion analysis of the sections is presented in
Table 14 (Stations 8 through II.3). All margins of safety were positive,
with a minimum of 0.07 occurring at station 9 (90 degrees).
The cavity side of the flex boot was evenly sooted and showed no evidence
of flow or erosion (Figures 128 through 130). It appeared typical of
previous flight and static test motor flex boots. A minimum of 3.25 NBR
plies remained around the circumference after motor burn. Table 15
presents the flex boot material affected depths and Performance Margins of
Safety. The worst-case PMS was 0.26 at 270 degrees.
STS-28B Fixed Housing Assembly
The fixed housing insulation showed smooth erosion with no pockets or major
washing observed. Postburn wedgeouts of charred CCP material were observed
on the forward 2.0 inches of the fixed housing insulation intermittently
around the circumference. The wedgeouts were a maximum of 0.5 inch deep
radially. There was no heat effect to the GCP.
I
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There were no bondline separations observed on the forward end or aft end.
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Photographs of the _ectioned fi×ed ho,_ing a_embly liner are pre_ented in
Figures 131 through 134. Char and erosion analysis of the sections is
presented in Table 16. All margins of safety were positive, with a minimum
of 0.27 occurring at station 10.75 (90 degrees).
STS-28B Bearing Protector
r_
The
(see
line
bearing protector was sooted along the entire length and circumference
Figures 135 through 137). Heavier soot and erosion were observed in
with the cowl ring vent holes at the thickened portion of the bearing
protector. The greatest erosion was 0.06 inch at 40 degrees. There was no
evidence of heat effect on the ID surface of the bearing protector.
STS-28B Flex Bearing
__=
Visual examination of the flex bearing revealed no damage, soot, heat
effect, or flow indications (see Figures 138 and 139). All rubber pads,
metal shims, and end rings appeared to be in nominal condition. Subsequent
testing has shown an unacceptable unbond area. This was written up on DR
165119. Acceptance tests have not been completed.
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4.2.2 STS--2flR Nozzle Tnternal Joints
Iiw
Descriptions of the STS-28 nozzle internal joints follow.
STS-28B Aft Exit Cone-to-Forward Exit Cone (Joint No. I)
I
A cross-sectioned view of the STS-28B aft exit cone-to-forward
field joint is presented in Figure 140. Photographs of the
joint are shown in Figures 141 through 146.
exit cone
postflight
m
U
The backfilled RTV extended below the joint char line 360 degrees
circumferentially. The RTV backfill extended to the high pressure side of
the primary O-ring from O-to-8, 63-to-67, 78-to-86, 97-to-120, 288-to-292,
and 300-to-322 degrees. There were no blowpaths observed in the joint, and
the primary O-ring saw no pressure.
Light aluminum oxide corrosion was observed on the aft exit cone forward
end between the primary and secondary O-ring grooves intermittently around
the circumference. Heavier corrosion was observed on the forward OD corner
of the aft exit cone shell intermittently around the circumference.
Pitting was observed at these locations, but it could not be determined if
the pitting resulted from this or previous flights.
observed on the forward exit cone aft end between
intermittently around the circumference.
Light rust was also
the 0-ring footprints,
J
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Minor dlsDlaced meta] was observed on the _orward exit cone _t the
91.8-degree alignment pin-hole due to disassembly contact with the
alignment pin (see Figure 147). The displaced metal measured approximately
0.01 inch axially by 0.01 inch circumferentially by 0.28 inch radially.
k
u
_.._2
STS-28B Throat-to-Forward Exit Cone (Joint No. 4)
A cross-sectioned view of the STS-28 throat-to-forward exit cone joint is
presented in Figure 148. Photographs of the postflight joint are shown in
Figures 149 through 154,
The RTV backfill extended below the joint char line 360 degrees
circumferentially and extended on to the radial 0D portion of the joint
at 0-to-165, 172-to-200, and 308-to-0 degrees. RTV extended on to the
axial portion of the bondline from 200-to-235 degrees and 263-to-308
degrees. RTV did not reach the high-pressure side of the primary O-ring.
The primary 0-ring saw no pressure or evidence of blowby, erosion, or heat
effect. The GCP also showed no signs of heat effect.
Rust was observed on the throat housing at the adhesive/metal interface 360
degrees circumferentially, but there was no pitting. Grease coverage was
nominal. There was no metal damage observed.
F_
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STS-?SB No._e Inlet to-Thront (ln_nt No. 3)
A cross-sectioned view of the STS-28 nose inlet-to-throat joint is
presented in Figure 155. Photographs of the postflight joint are shown in
Figures 156 through 161.
IBm
The RTV backfill extended below the joint char line 360 degrees
circumferentially. RTV did not reach the high pressure side of the primary
O-ring. RTV also extended onto the axial portion of the joint on
approximately 50 percent of the circumference. The primary O-rlng did not
see pressure.
i
i
i
Minor surface corrosion was observed on the aft end of the nose inlet
housing inboard of the primary O-ring, but no pitting was observed. There
was no corrosion on the forward end of the throat housing.
Inspection of the radial OD portion of the joint showed a wet, black
substance measuring approximately 2 inches circumferentially by 0.5 inch
radially by 0.04 inch thick axially at 203 degrees (see Figure 162). This
substance was located on the radial OD phenolic surfaces of the joint
immediately behind the RTV backfill. Upon removal from the surface, it
broke apart into a powdery form. The substance appeared fibrous.
i
i
g
g
i
In addition, there were no apparent blowpaths in the joint and no signs o[
heat affected phenolics or RTV in the immediate area of the substance.
_I
i
!
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Analy_i_ show_ the pre_ence of Silicon (_) - 49 percent, A]A1minum (AI) -
17 percent, Magnesium (Mg) - 13 percent (probably from sea water), and Iron
(Fe) - 8 percent. Carbon, Hydrogen, Nitrogen (C_H,N) tests were also
performed on the samples. The results show 43 percent C, 0.5 percent N,
and 1.3 percent H. This material was determined to be a mixture of charred
RTV and CCP materials mixed with sea water. This was introduced into the
joint during splashdown.
=
STS-28B Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)
= =
w
m
A cross-sectioned view of the STS-28 nose inlet-to-bearing forward end
ring-to-cowl joint is presented in Figure 163. Photographs of the
postflight joint are shown in Figures 164 through 172.
The RTV extended below the joint char line and reached to the axial portion
of the joint (forward end ring flange) 360 degrees circumferentially. The
radial bondline between the nose
EA913 NA adhesive 360 degrees
typically sandwiched between two
cap and cowl showed RTV mixed with the
circumferentially. The adhesive was
layers of RTV. No RTV extended to the
primary O-ring. Soot entered the joint 360 degrees circumferentially and
extended past the nose inlet housing bolt holes, but no distinct blowpaths
were observed. Soot was observed between the adhesive and RTV
intermittently around the circumference. Heavy soot also reached the
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primnry O.ring _t 1_-to-3£, 68-to-£4, 162-to-176, ]95, 207, 228-to-234,
250-to-258, 264-to-267, 270-to-281, 283-to-288, and 305 degrees. Heavy
sooting was from 270-to-0-to-30 degrees and was found on the RTV surface up
to the forward end ring flange. The cowl and nose cap SCP and GCP
insulators showed no heat effect. The primary O-ring saw pressure, but
there was no evidence of blowby, erosion, or heat effect. No soot was
observed between the aft face of the forward end ring flange and the
forward face of the cowl housing.
Intermittent light corrosion on the aft end of the nose inlet housing
adjacent to the bondline was observed. Minor intermittent corrosion was
also found on the aluminum cowl housing forward end, but pitting was not
present. Intermittent light rust was observed on the flange forward
surface of the bearing forward end ring. Paint was also chipped off the OD
surface. There was no damage found on the metal surfaces.
I
I
m
I
I
STS-28B Fixed Housing-to-Bearing Aft End Ring (Joint No, 5)
A cross-sectioned view of the STS-28B fixed housing-to-bearing aft end ring
joint is presented in Figure 173. Photographs of the postflight joint are
shown in Figures 174 through 179.
I
I
m
I
m
I
RTV filled the radial portion of the joint 360 degrees circumferentially
and reached the high pressure side of the primary O-ring around 80 percent
of the circumference. Voids isolated within the RTV were observed on the
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rndinl portion of the joint intermittently nrounH the circumference, l_,wt
none reached the flex boot cavity. There were no blowpaths observed in the
joint, and the primary 0-ring did not see pressure.
Heavy rust was found on the aft end ring aft tip where paint was chipped
off intermittently around the circumference. Minor rust stains were also
observed on the axial 0D and ID portions of the fixed housing. No metal
damage was found.
4.3 Instrumentation
There was no Development Flight Instrumentation installed on the STS-28
nozzles.
F
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5.0 DTSCREPANCY REPORTS AND PROCESS DEPARTI_ES
m
The STS-28 Nozzle DRs and PDs reviewed by the Morton Thiokol senior
material review board are included in Appendix A. These were presented in
the STS-28 RSRM Acceptance Review Level III (TVR-). Brief descriptions of
the DRs and PDs, and correlations to postflight observations are discussed
below.
m
i
m
lira
5.1STS-28A DRs and PDs
U
Forward Exit Cone
DR 161110-01, Waiver No.: RWl/445
i
Two LDIs located in the carbon phenolic liner starting at the interface and
running parallel to the ply direction. Postflight inspection of this part
did not reveal any propagation of the LDIs.
Nozzle Flex Bearing Assembly
DR 169467-02, Waiver No.: None
-03,
Total unbond area of rubber pads exceeds requirements.
The flex bearing passed all of the acceptance
refurbishment requirements.
tests and postflight
i
g
m
m
i
u
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OHter Boot Ring, First Urap
PD 169735-01, Waiver No.: None
Temperature was held at 220 ± i0 °F for 113 minutes, 23 minutes
maximum allowable. Postflight inspection showed no abnormal erosion.
over
Outer Boot Ring, First Wrap
PD 169735-02, Waiver No.: None
Temperature was reduced at an overall average
Anomalous cooldown lasted 15 minutes, followed by
acceptable rate of 0.5 °F/min maximum.
rate of 0.689 °F/min.
a l-hour cooldown at an
Postflight inspection showed no abnormal erosion.
Aft Exit Cone Liner
DR 173080-01, Waiver No.: None
02,
LDIs within the GCP larger than 2.5 inches circumferential width, 1.9
inches longitudinal length, or 0.025 inch radial depth are unacceptable.
Numerous LDIs exceed one or more of the above dimensions on aft exit cone
liner.
Postflight inspection of this part was not possible.
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Aft E×it Cone A,_emhly
DR 173099-01, Waiver No.: None
LDIs within the GCP larger than 2.5 inches circumferential width, 1.9
inches longitudinal length, or 0.025 inch radial depth are unacceptable.
Four LDIs exceed one or more of the above dimensions; all classified as
ply-end conditions (longitudinal length < 0.200 inch).
Postflight inspection of this part was not possible.
Fixed Housing Assembly
DR 173448-01, Waiver No.: None
g
m
U
UP
u
w
Blemish on CCP at 148 degrees (forward ID surface) checks 1.9 inches long,
0.225 inch wide, 0.045 inch deep.
m
i
Postflight inspection showed no abnormal erosion.
DR 173448-02
i
Numerous wetline indications on CCP forward ID.
i
Postflight inspection showed no abnormal erosion.
l
m
w
W
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5.2 STS 28B DRs and PDs
Outer Boot Ring, First Wrap
PD 169737-01, Waiver No.: None
Temperature was held at 220 ± i0
maximum allowable.
°F for 113 minutes, 23 minutes over
Postflight inspection showed no abnormal erosion.
Outer Boot Ring, First Wrap
PD 169737-02, Waiver No.: None
Temperature was reduced at an overall average
Anomalous cooldown lasted 15 minutes, followed by
acceptable rate of 0.5 °F/min maximum.
Postflight inspection showed no abnormal erosion.
rate of 0.689 °F/min.
a 1-hour cooldown at an
Flex Bearing Assembly
DR 169782-03, Waiver No.: None
Maximum unbond depth checks 3.4 inches on pad 3.
This flex bearing was written up on DR 165119 for unacceptable unbond area.
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Aft E×ir Cnn_, A_embly
DR 170806-01, Waiver No.: None
Two areas contain LDIs which exceed limits. Maximum dimensions
single LDI are 3.78 inches circumferential width.
of any
= =
R
r_
U
Postflight inspection of this part was not possible.
Aft Exit Cone Assembly
DR 170806-02, Waiver No.: None
High
inch
inches
2
Density Indication (HDI) with projected area of 0.0675 in. (0.250
longitudinal by 0.270 inch circumferential) located in GCP, 36.14
forward of part aft end at 216 degrees. HDI runs parallel to glass
ply direction.
m
I
m
W
m
I
H
Note: Six other HDIs exist in general area of
2
projected areas less than 0.050 in.
noted HDI. All six have
Postfllght inspection of this part was not possible.
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No_le Cnmp]_ance Ring
DR 173430-01, Waiver No.: RWI/451
Nonlocking helicoll inserts were Installed into the compliance ring.
Note: Flight 5A and Flight 6 and subsequent compliance rings have locking
helicoil inserts installed.
Postflight inspection did not reveal any
helicoil inserts.
fllght-related problems with the
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6.0 NO'7..7.I.R CONPONENT PROC,RAH TEAM (NCPT) RECOI'fl4ENDATIONS ANO REDESI(,_
PROGRAH REVIEg BOARD (RPRB) ASSESSMENT
The NCPT reviewed all observations documented in this report. The team
classified two Problem Reports (written at KSC) as minor anomalies. After
internal nozzle joint inspections at Clearfield, the team initially
classified one observation as a potential anomaly. This was further
classified as a minor anomaly. These were presented to the RPRB on 06
September 1989. The RPRB agreed with the classifications. These minor
anomalies were recorded on Postfire Anomaly Record (PFAR) forms and are
included in Appendix B. The PFARs contain detailed descriptions and
corrective actions as accepted and/or modified by the RPRB. A listing of
the PFARs is listed below.
m
w
m
L_
m
m
m
6.1 STS-28A Nozzle
PFAR NUMBER
360H005A-03
360HOO5A-08
6.2 STS-28B Nozzle
360HOO5B-13
DESCRIPTION
Foreign residue and a small pin hole found
on aft exit cone polysulfide groove fill.
White, sticky material on fixed housing
(aft end) forward of the primary O-ring at
the EA913NA interface.
Black, powdery residue found in Joint 3.
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Figure 4 STS-28A Post-Flight Joint Flow Surface Gap Openings
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Table i STS-28A Aft Exit Cone Post-Flight Polysulfide Groove Radial
Widths
g
Ill
i
Carbon-Cloth
Phenolic
(completely missing) h
m
I
Angular
Location
(deg)
0
30
60
90
120
150
180
210
240
270
300
330
Nominal Preflight-_ LRadial Groove
Width 0.2-0 in.
--f--
Width
(in.)
0.19
0.18
0.18
0.18 .....
0.19
0.19
0.19
0.19
0.19
0.19
0.18 .................
0.18
Polysulfide Groove Fill
EA 946
I Glass-
I Cloth
I Phenolic
.... J Aluminum
=
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W
_41B
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Carbon-Cloth
Phenolic
Forward Exit
Cone
Carbon-Cloth
Phenolic
Glass-Cloth
Phenolic
EA 946
Adhesive
Steel
Forward Exit Cone
Assembly
EA 946
Adhesive
Glass-Cloth
Phenolic
Steel
Forward End
Radial
Location Separation Separation
(deg) (in.) Type
0-110 0.010 Metal/Adhesive
120 0.030 Metal/Adhesive
140 0.040 Metal/Adhesive
150-300 0.010 Metal/Adhesive
340-0 0.0iO Meta_dhesive _
135-150 0.020 .... C0heSive '
0-5 0.015 Glass to Glass
340 0,003 Glass to Glass
345 0.010 Glass to Glass
A018663a-10
w
E
n
Figure 8. STS-28A Forward Exit Cone Bondline Separations
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/-- Carbon-Cloth
\ Throat Inlet
Forward End
Throat
Aft End
Carbon-Cloth
Phenolic
J
i
i
EA 913NA
Steel
Glass-Cloth
Phenolic
Steel
EA 913NA
A018692a-g
i
BB
Fwd End
Metal-to-Adhesive
Bondline Separations
Radial
Location Separation
(in.) ll
0 0.010
15 0.020
30 0.030
45 0.020
60 0.010
120 0.010
135 0.020
150 0.010
195-210 0.010
225 0.O20
240-255 0.010
345 0.010
Aft End
Metal-to-Adhesive
Bondline Separations
Radial
Location Separation
(deg) (in.)
360 0.040
Circumferentially
Ill
J
J
W
REVISION
Figure 14 STS-28A Throat Assembly Bondline Separations
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Nose Inlet
Assembly
CCP
-504 Ring
AI
CCP
Separations at
Adhesive-to-Housing, A021881a-2
EA946 ._CP
Adhesive
_-_ _: .i.. '.... _ :
Metal-to-Adhesive
BQndtine Separations
Location Sepat;ati0n "
(deg[ (in.)
0-75 0.010
165-180 _ 0.01.0
270-0 0.010
Figure 20 STS-28A Nose Inlet Assy Bondline Separations
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Table 4 STS-28A Nose Inlet Rings (-503, -504) Erosion and Char Data w
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Angular Location
0 degrees
Stations
28 30 32 34 36 38 39
Measured Erosion 1.16 0.86 0.86 0.82 0.82
Measured Char 0.71 0.83 0.64 0.50 0.59
Adjusted Char* 0.53 0.62 0.48 0.38 0.44
2E + 1.25AC 2.99 2.50 2.32 2.11 2.19
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200
Margin of Safety 0.17 0.30 0.27 0.51 0.46
90 degrees
Measured Erosion 1.02 0.81 0.89 0.84
Measured Char 0.75 0.76 0.61 0.51
Adjusted Char" 0.56 0.57 0.46 0.38
2E + 1.25AC 2.74 2.33 2.35 2.16
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182
Margin of Safety 0.28 0.39 0.25 0.47
180 degrees
Measured Erosion 1.01 0.80 0.90 0.80
Measured Char 0.70 0.71 0.63 0.59
Adjusted Char* 0.53 0.53 0.47 0.44
2E + 1.25AC 2.68 2.27 2,39 2.15
RSRM Min Liner Thkns 3.508 3.252 2.9_0 3.182
Margin of Safety 0.31 0.44 0.23 0.48
270 dsgraes
Measured Erosion 1.13 0.96 0.98 0.87
Measured Char 0.73 _._8 0.64 0.51
Adjusted Char* 0.55 0.51 0.48 0.38
2E + 1.25AC 2.94 2.56 2.56 2.22
RSRM MAn Liner Thkns 3.508 3.252 2.950 3.182
Mar_in of Safety 0.19 0.27 0.15 0.43
0 83
0 57
0 43
2 19
3 200
0 46
0 93
0 61
0 46
2 43
3 026
0 24
0 93
0 61
0 46
2 43
3 026
0 24
0 80
0 62
0 47
2 18
3 200
0 47
0 87
0 63
0 47
2 33
3 026
0 30
0 88
0 59
0 44
2 31
3 200
0 38
0 92
0 61
0 46
2 41
3 026
0 25
• Measured Char Adjusted to end of action time
Margin of Safety =
minimum liner thickness
2 X erosion + 1.25 X adj char*
0.96
0.63
0.47
2.51
3.000
0.19
0.96
0.59
0.44
2.47
3.000
0.21
0.93
0.63
0.47
2.45
3.000
0.22
o 96
o 65
0 49
2 53
3 000
0 19
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Table 7 STS-28A Flex Boot Data Performance Margins of Safety
Max Material
Degree Remaining Affected Depth Margin
Location Plies (in.) of Safety*
0 3 314 1.16 0.43
4i 33/4 I. 6 0.43
90 3 I12 1.24 0.34
135 3 1/2 1.24 0.34
180 3 I12 1.24 0.34
225 3 I12 i.24 _ 0.34
270 3 i/4 1.32 0.26
315 3 1/4
* PMS -
1.32 0.26
minimum overall thickness
............................... I
(1.5 x max material affected depth)
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Figure 96 STS-28B Joint. Flow Surface Gap Openings
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Table 12 STS-28B Nose Inlet Rings (-503, -504) Erosion and Char Data
= =
=z
Angular Location
0 degrees
Stations
28 30 32 34 36 38 39
Measured Erosion 1.07 0.87 0.89 0.84 0.81 0.81
Measured Char 0.63 0.63 0.62 0.51 0.50 0.56
Adjusted Char* 0.47 0.47 0.47 0.38 0.38 0.42
2E + 1.25AC 2.73 2.33 2.36 2.16 2.09 2.15
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026
Margin of Safety 0.28 0.40 0.25 0.47 0.53 0.41
90 degrees
0 03
0 65
0 49
2 27
3 000
0 32
Measured Erosion 1.09 0.90 0.90 0.85 0.87 0.94 0.96
Measured Char 0.72 0.63 _ 0.56 0.51 0.53 0.57 0.64
Adjusted Char* 0.54 0.47 0.42 0.38 0.40 0.43 0.48
2E + 1.25AC 2.86 2.39 2.33 2.18 2.24 2.41 2.52
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.23 0.36 0.27 0.46 0.43 0.25 0.19
180 degrees
Measured Erosion 1.08 0.94 0.84 0.81 0.84
Measured Char 0.71 0.63 0.59 0.56 0.51
Adjusted Char t 0.53 0.47 0.44 0.42 0.38
2E + 1.25AC 2.83 2.47 2.23 2.15 2.16
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200
Margin of Safety 0.24 0.32 0.32 0.48 0.48
0 93
0 54
0 41
2 37
3 026
0 28
270 degrees
0.95
0.66
0.50
2.52
3.000
0.19
Measured Erosion 1.13 0.91 0.89 0.87 0.85 0.92 0.93
Measured Char 0.65 0.57 0.57 0.51 0.52 0.59 0.67
Adjusted Char* 0.49 0.43 0.43 0.38 0.39 0.44 0.50
2E + 1.25AC 2.87 2.35 2.31 2.22 2.19 2.39 2.49
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.22 0.38 0.27 0.43 0.46 0.26 0.21
* Measured Char Adjusted to end of action time
minimum liner thickness
Margin of Safety -
2 X erosion + 1.25 X adj char*
- i
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Figure 126 STS-28B Outer Boot Ring Section (180 deg)
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Table 15 STS-28B Flex Boot Data Performance Margins of Safety
Max Material
Degree Remaining Affected Depth Margin
Location Plies (in.) of Safety*
0 4 1.08 0.54
45 4 1.08 0.54
90 3 1/2 1.24 0.34
135 3 1/2 1.24 0.34
180 4 1.08 0.54
225 4 1.08 0.54
270 3 1/4 1.32 0.26
315 4 1.08 0.54
minimum overall thickneSS
* PMS = -i
:: :_ (1.5 x max material affected depth)
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Char Line
Fwd Exit Cone
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Radial
ID /
Axial
RTV Below Char Line 360-deg
Circumferentially. RTV to O-ring from
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R'IV Past Char Line 360 deg, Past Dog Leg and Past
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Figure 148 STS-28B Throat/Forward Exit Cone Joint (Joint #4)
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Figure 155 STS-28B Nose Inlet/Throat Housing Joint (Joint #3)
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Figure 163 STS-28A Nose Inlet Housing/Flex Bearing Joint (Joint #2)
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I PAGE B-I
POSTFIRE ANOMALY RECORD (PFAR)
-o.* ......................................................................................................................
I. PFAR NUMBER 3. INSPECTION LOCATION 4. REFERENCE SQUAWK NUMBER I 5. REFERENCE PR NUMBER
360HOO5A-03 KSC X T-24/T-97 28-010 1 PV6-136878
.................................................................
2. COMPONENT PROGRAM TEAM H-7 A-2 6. REFERENCE IFA NUMBER ] 7. REFERENCE SPR NUMBER
NOZZLE ...... N/A [ N/A
........................................ o ..................................... . .........................................
8. TITLE
FOREIGN RESIDUE ON AFT EXIT CONE LINER POLYSULFIDE GROOVE
............ .°°.. .......................................................................................................
9. CLASSIFICATION
OBSERVATION MINOR ANOMALY X MAJOR ANOMALY CRITICAL ANOMALY
...... ..° ...
................ . ................... . ...................................................................................
10. JUSTIFICATION OF CLASSIFICATION
This condition represents a significant departure from the historical database. Corrective action is required but
this problem has no impact on motor performance or program schedule.
....................... ... ................................ ..oo ..........................................................
11. PART NUMBER I 12. SERIAL NUMBER I 13. PART DESCRIPTION
IU76039"I0 1 0000001 1 AFT EXIT CONE ASSEMBLY
14. REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)
J. E. MILES / NOZZLE/FLEX BEARING PROJECT ENGINEERING / 08/13/89
......... . .............................. ...°°°. ........... . ............................................................
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) [ 16. RESPONSIBLE POSTFIRE ENGINEER (NAME / ORGANIZATION)
E. L. DIEHL / NOZZLE PROGRAM MANAGEMENT I E. D, MOSES / POSTFIRE HARDWARE EVALUATION
....... . ................................................. . ...................... .. .....................................
17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) I 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)
H. D. HUPPI / SYSTEMS INTEGRATION ENGINEERING I R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEERII
.......................................................................................................................
19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)
Foreign residue from 265 to 271 degrees and a small pinhole at 268 degrees were found on the forward surface of the
aftexit cone liner potysutfide groove.
20. HISTORY
This was a f|rst-time RSRM occurrence.
................................ . .... .°...o.. ........... °.. ............................................................
21. CAUSE
See continuation sheet.
................ ° ......................... .°°° ................ .° ........................... ° ............................
22. CORRECTIVE ACTION
The postftight team wilt continue to monitor future postftight aft exit cone joints, Recon_end this PFAR be
transferred to Thiokot LSS office at KSC for review of leak check and potysutfide repair procedures.
............................................................................................................
KSC Thiokol LSS office has conducted a review of the leak check and polysutfide repair procedures associated with
this anomaly. Their attached response (ref. memorandum E690/RCH-90-A145, dated 5 March 1990) shows no apparent
potysu[fide repair procedures, leak check operations, or PR conditions during 360HOO5A processing that would result
in the described foreign residue condition.
24. REPORT RESULTS TO RPRB? 26. APPROVAL THROUGH CORRECTIVE ACTION 27. CLOSURE
YES NO X RPRB SECRETARY: DATE: RPRB SECRETARY: DATE :
...... /S/T. L. JOHNSON 09/06/89 N/A N/A
.............................. SIE: DATE:
25. RPRB MEETING DATES /S/C. A. RUSSELL 09/07/89 PM: DATE:
OR IGI NAT ION: 09/06/89 PM: DATE : /S/E. L. D IEHL 03/29/90
CLOSURE: /S/E. L. DIEHL 09/07/89
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CONTINUATION SHEET FOR PFAR NUMBER 360HOO5A-03
; 21 CAUSE (continuation)
Analysis of the residue shows it to be silicon dioxide (silica). There were no btowpaths through the joint,
_ indicating this did not occur during motor operation. This residue was in line with the leak check port at 268
_ degrees.
The pin hole was caused by removal of a small glass fiber during disassembly assessment. The pin hole was sectioned
and observed to terminate approximately 0.3 inch deep within the polysulfide. The fiber is believed to have been
_ introduced during potysulfide groove fill operations. At that time, nozzle processing was done in a
nOn-contamination controlled building (M113). Thiokol polysulfide groove fill operations (as of 360L006) are now
=_--= done in a contamination controlled facitity. Airborne particulates such as small fibers cannot be introduced during
processing in the clean room enviror_nent (M113A).
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POSTFIRE ANOMALY RECORD (PFAR)
• ...... ........°.°. ..... .....°°°.. ..... ............ .......................................................................
I. PFAR NUMBER 3. INSPECTION LOCATION 4. REFERENCE SQUAWK NUMBER I 5. REFERENCE PR NUMBER
360HOO5A-08 KSC X T-24/T-97 1 28-032 I PV6-137178
I
2. COMPONENT PROGRAM TEAM I H-7 A-2 I 6. REFERENCE IFA NUMBER I 7. REFERENCE SPR NUMBER
NOZZLE I ...... I N/A I N/A
.... Illlmlllillililllllll ..... Illllllllll ............................. i ..... t ........................... i ..............
8. TITLE
FOREIGN MATERIAL FOUND ON FIXED HOUSING
....................................... .... .....•......°. ..............................................................
9. CLASSIFICATION
OBSERVATION MINOR ANOMALY X MAJOR ANOMALY CRITICAL ANOMALY
°•. ... ......
...............•.•.............t.°°.........----•-..----------°°--•--- ................................................
10. JUSTIFICATION OF CLASSIFICATION
This problem was previous[y identified on 360L002 and ptanning was updated to add methyl chloroform cleaning step.
.,........................................... ..... .....• ....... . ...................... . ................................
11. PART N_BER I 12. SERIAL NUMBER I 13. PART DESCRIPTION
lUS2B62ol I 0000014 1 FIXEDHOUSING ASSEMBLY
............ . .... ..•...•.... ....... ............................. .... . ...................................................
14. REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)
S. A. MEYER / NOZZLE/FLEX BEARING DESIGN ENGINEERING / 08/17/89
..... .... ........ .....•..•..... .......... ...................°...,.... ...................................................
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) I 16. RESPONSIBLE POSTFIRE ENGINEER (NAME / ORGANIZATION)
E. L. DIEHL / NOZZLE PROGRAM MANAGEMENT I E. D. MOSES / POSTFIRE HARDWARE EVALUATION
.....oi..e.....o.... ....... .._...,.o.o......°..o,.6l...o,.. ...... ............. .... . .....................................
17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) I 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)
C. A, RUSSELL / SYSTEMS INTEGRATION ENGINEERING I R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEERIN
..... ............... .... .....••...l.........-..-.---•°o-- ..............................................................
19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)
White, sticky material was found on the fixed housing forward of the primary o-ring at the EA-913 interface.
20. HISTORY
................................... ........ .................................--.---. ..... .. .............................
21. CAUSE
There was insufficient cleaning of the adhesive tape residue left subsequent to finalization of the liner bonding
operations.
........ .......................................-..-----.---- ............................................................
22. CORRECTIVE ACTION
Update p[ann(ng to adequately clean the surface after liner bonding operations.
........................... • .... ..°•..°. ...... ° ............. • ...........................................................
23. RESULTS
Manufacturing Engineering has changed the planning (see OCR PAR No. 159122) to include cleaning of the surface.
This is contained in Log NO. 4871M, Op. 065, Step 525. They will also discuss this situation with the operations
personnel. This procedure will be effective for Flight lOB and subsequent.
24. REPORT RESULTS TO RPRB?
YES NO X
25. RPRB MEETING DATES
ORIGINATION: 09/06/89
CLOSURE:
26. APPROVAL THROUGH CORRECTIVE ACTION
RPRB SECRETARY: DATE:
/S/T. I. JOHNSON 09/06/89
SIE: DATE:
/S/C. A. RUSSELL 09/07/89
PM: DATE:
/S/E. L. DIEHL 09/07/89
27. CLOSURE
RPRB SECRETARY: DATE:
/S/S. T. MUNSON 02/15/90
PM: DATE:
/S/E. L. DIEHL 02/13/90
....... . ........ ..•.. ........ •..,.,.....°. ................................... • ........ . ...................................
REV. 211190 T_-17544
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POSTFIRE ANOMALY RECORD (PFAR)
............. • ............................................. ..° ....... . ....................................................
1, PFAR NUMBER 3. INSPECTION LOCATION I 4, REFERENCE SQUAWK NUMBER I 5. REFERENCE PR NUMBER
360HOOSB-13 KSC T'24/T'97 I N/A I N/A
I
2. COMPONENT PROGRAM TEAM H-7 X A-2 _ 6. REFERENCE IFA NUMBER I 7. REFERENCE SPR NUMBER
NOZZLE ...... I N/A I N/A
8. TITLE
FOREIGN MATERIAL FOUND IN NOZZLE JOINT #3
......................... • ............ • .... • ...... °..o .... • .................................................. • .........
9. CLASSIFICATION
OBSERVATION MINOR ANOMALY X MAJOR ANOMALY CRITICAL ANOMALY
°=. •.. q .....
-°=.•.=-l..• ..................... •°...• .... . ......... • .... • ......... • ........................................ . .........
10. JUSTIFICATION OF CLASSIFICATION
This condition represents a significant departure from the historical database.
................................. . ......... . .... . ............................................................ ° ..........
11. PART NUMBER I 12. SERIAL NUMBER I 13° PART DESCRIPTION
N/A I N/A I NOSE INLET-TO-THROAT JOINT
...................................... ==.... .... ° .................. =...o ....................... . ........................
14. REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)
L. E. WILKES / NOZZLE/FLEX BEARING DESIGN ENGINEERING / N/A
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) J 16. RESPONSIBLE POBTFIRE ENGINEER (NAME / ORGANIZATION)
E. L. DIEHL / NOZZLE PROGRAM MANAGEMENT I /
...................... = ......... . ......... . ......... • ................................... • .... =.=.=. ......... = ..........
17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) I 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)
C. A. RUSSELL / SYSTEMS INTEGRATION ENGINEERING I R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEER]N
...................... . ..... ..o=...==.o==.. ......... . ............................................. . ....... oo. .........
19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)
During Clearfield nozzle disassembly, black powdery residue was found in Joint #3.
°°°• .... . .... ° .... • .... • ..... ° ....................... .. ................... . .... . ......... ° ..............................
20. HISTORY
..°. .... . .... . .... ..==.. ..... .°=... .... ....= .................... ... ....... . ......................... .=. .................
21. CAUSE
The black powdery residue was found to be a mix of charred RTV (DC90-006) and carbon cloth phenolic m_xed with
seawater. During splashdown, this residue was forced into the joint. Reference memo 2463-FY90-M041.
.... • .... o ......... • ............ .=°.. ..... . ................. •=°.°. ......... • ........................................CORRECTIVEACTION
No correct|re ection Is requfred. Close PFAR.
23. RESULTS
N/A
................................ ° ..................... • .................................................................
24. REPORT RESULTS TO RPRB? 26. APPROVAL THR_GH CORRECTIVE ACTION 27. CLOSURE
YES X NO RPRB SECRETARY: DATE: RPRB SECRETARY: DATE:
...... /S/T. L. JOHNSON 09/07/89 /S/S. T. MUNSON 02/15/90
............................. SIE: DATE:
25. RPRB MEETING DATES /S/C. A. RUSSELL 09/07/89 PM: DATE:
ORIGINATION: 09/06/89 PM: DATE: /S/E. 1. DIEHL 02/13/90
CLOSURE: /S/E. L. DIEHL 09/07/89
REV. 2/I/90
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